We consider the problem of a ship advancing in waves. In this method, the zone of free surface in the vicinity of body is discretized. On the discretized surface, the first-order and second-order derivatives of ship waves are represented by the B-Spline formulae. Different ship waves are approximated by cubic B-spline and the first and second order derivates of incident waves are calculated and compared with analytical value. It approves that this numerical method has sufficient accuracy and can be also applied to approximate the velocity potential on the free surface.
Introduction
In the method for hydrodynamic analysis of floating bodies with forward speed, due to the complex boundary condition on the free surface, the integral equation involves not only the unknown velocity potential but also its first-order and second-order derivatives on the free surface. Unlike classical methods in which a waterline integral is present by using Stokes' theorem, we apply directly the free-surface condition so that the troublesome waterline integral is avoided. The first-and second-order derivatives of the velocity potential in this new method are then approximated using B-Spline method.
In this paper, the incident wave on free surface is approximated by cubic B-spline and the relationship between incident wave and its first-order and second-order partial derivatives are derived and compared with the analytical value.
This method is approved to have sufficient accuracy and can be also applied to approximate the velocity potential on the free surface. 
In the same way, we define the B-spline surface by B-spline tensor product expansion as Equation (3) [3] , , , 
The de Boor Algorithm
Given a clamped B-spline curve of degree k defined by n + 1 control points 0 1 2 , , ,...,
.. = u m = 1, we can compute the point on the B-spline curve by the de Boor algorithm as Equation (4) [2] , ,
where
Derivatives of B-Spline Curves and Surfaces
Given a clamped B-spline curve of degree k, we can compute r order derivatives
B-Spline Curves and Surfaces Approximation
B-spline curve approximation can be stated as the problem of constructing a B-spline curve passing through a set of fixed points ( 0,..., ) , y) is position on the surface, z is the height of incident wave and it can be defined as Equation (9) [ ]
where A is the amplitude of the incident wave, k is wave number, β is wave heading, t is time, ω is circle frequency and ε is phase angle. We choose cubic B-spline to approximate the free surface. The free surface is divided into two patches, then each patch is described by cubic B-spline tensor product expansion as Equation (10). 
Calculation of the Derivatives of Incident Wave Based on B-Spline
The points on the surface can be described as Equation (11) 
We can calculate the value of x u 
Approximation of Different Incident Wave on The free Surface
We choose the same points , ( , , )
i j p x y z =  (i = 0,…,10, j = 0,…,41) which is mentioned in Section 3.1 to describe the free surface. When the wave heading β is 45  , we define the incident wave as Equation (15) [ ] 
Then we use the cubic B-spline to approximate the free surface as we do in Section 3.1. Figure 3 show the wave surface approximated by cubic B-spline.
Then we can calculate the value of z x
In the same way, the value of can be calculated through Equation (16), Table 2 shows the 
